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Introduction
The evidence that industries and firms agglomerate in particular locations is ubiquitous (eg, Ellison et al. 2010 ). There is also now ample evidence that multinational enterprises (MNEs) agglomerate in particular locations in a host country (see Head et al., 1995) . Additionally, our analysis shows that positive agglomeration externalities by inter-firm linkages are not pervasive and do not extend to the second and third tiers. Secondly, we can assess the relative strength of agglomeration effects in each layer-a first for a study of this kind. Our analysis finds new evidence of negative agglomeration externalities generated by the existence of third-tier suppliers in a location. This suggests that MNEs tend to avoid the same locations once the number of related input suppliers increases to 'too many'. However, no such effect was found for the agglomeration of related customers.
obtain the intermediate inputs more cheaply by saving on transportation costs due to a large variety of differentiated inputs and more intense competition in upstream markets. These two vertical linkage effects motivate vertically related industries to cluster geographically.
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The next section introduces our method for the measurement of agglomeration by inter-firm backward and forward linkages. Section 3 describes the empirical implementation and the dataset used for the regression analysis. Section 4 discusses the results, and Section 5 concludes.
Agglomeration of inter-firm linkages
We employ the unique feature of the TSR database, which contains transaction information concerning inter-firm linkages among Japanese firms (Nakajima et al., 2012) . 4 Section 3 provides detailed data descriptions. The basic idea is that we extract information of inter-firm linkages (such as which particular firm is linked with other firms through transactions concerning purchase and supply of outputs and inputs in vertical production chains forged in Japan) and then merge this information with FDI location choice data. In this way, we are able to track whether a supplier, for example, follows its customers by locating its foreign affiliate in the same location in a host country (known as the 'following-the-leader' type of FDI). To explain the procedure, Figure 1 illustrates the hypothetical case of inter-firm forward linkages by Firm A supplying her outputs to Firms B and C, thus completing the first-tier transaction. We define Firms B and C as the first-tier customers from the viewpoint 4 TSR is Japan's credit reporting agency. It provides originally collected firm-level information pertaining to Japanese firms, for the purposes of corporate analysis. It also has a partnership with Dun and Bradstreet (D&B). However, to our knowledge, inter-firm linkages are not recorded in the worldwide version of the D&B database (Alfaro and Charlton, 2009). 5 Naturally, for the purposes of our study, we only consider those suppliers and customers that have made FDI in China.
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of Firm A. When Firms B and C supply their outputs to other firms, we denote the latter as the second-tier customers from the viewpoint of Firm A. We only define production chains in a unidirectional way. For example, as the dashed arrow indicates in Figure 1 , if Firm B also supplies to Firm C, we treat this as a new industrial linkage from the viewpoint of Firm B, with Firm C being the first-tier customer, and Firm A, the first-tier supplier. We repeat this exercise up to the third-tier linkages. Likewise, we define inter-firm backward linkages by identifying suppliers.
Figure 1 here
Next, we sum up related suppliers and customers of different production in the same tier in a location to form agglomeration variables. It is crucial to note our algorithm for choosing firms to be scrutinised to alleviate the simultaneous location choices between the MNE's own affiliates and related affiliates. Consider Figure 1 Similarly, we construct a measure of inter-firm backward linkages (denoted as FBL) using counts of all related MNE affiliates (suppliers) in the g-th tier in the same location p at time s.
It is useful to point out the various strengths and limitations of our approach compared to previous studies. First, an inspection of a list of the first-tier relations reveals that most of the relationships observed among related suppliers and customers extracted from the TSR data are similar to those reported in the Japanese industrial grouping keiretsu. Head et al. (1995 Head et al. ( , 1999 , Belderbos and Carree (2002) , and Blonigen et al. (2005) have already presented evidence for strong agglomeration effects generated within keiretsu groups.
However, our agglomeration measures extend inter-firm relationships further, to the second and third tiers, which are not recorded for keiretsu group members. In addition, a keiretsu variable is usually confined to the relationship of vertically related supply firms (like the case of several major automobile manufacturers with associated auto input suppliers and electronics firms), whereas we also include the inter-firm relationships of purchasing firms.
As an illustration, Table 1 presents an example of actual inter-firm linkages of Toyota Motors, whose first affiliate in China was located in the Tienjin province in 1997. Table 1a shows the number of related suppliers 7 from the first to the third tier in all provinces. Table   1b breaks down information for first-tier suppliers, with an indication of whether the supplier belongs to Toyota's keiretsu. It seems that Tienjin province exerts strong agglomeration effects, because all three suppliers in the first tier belong to Toyota's keiretsu (Table 1b) . Fourth, according to an analyst at TSR, inter-firm linkages only reflect the latest actual transaction information, which is constantly updated based on the more recent fieldwork surveys and follow-ups. This means that the time dimension of inter-firm linkages is defined at the time the data is accessed. 9 Accordingly, we assume inter-firm linkages are fixed during the period under study. However, it is well known that inter-firm relations in Japanese manufacturing remain relatively stable for a number of years, in fact, even as far as 10-15 years (Asamura, 1989 ). Also, note that studies using I-O tables at one point in time over log time intervals have made similar assumptions by arguing that the I-O relationship changes slowly over time (Mayer et al., 2010) .
Agglomeration of industry linkages
Following previous studies (e. we take into account of neighbouring agglomeration effects by computing the distance-8 weighted count of plants. 10 The agglomeration measure with the number of JMNEs (NJ) in a province p within industry i at time of investment t can be expressed by the following expression:
where d represents the bilateral distance between capital cities of provinces p and m. Eq. (2) suggests that WI will be higher if more JMNE affiliates exist in province p as well as the number of JMNE affiliates in nearby provinces, discounted by the relative distance to p. (3) inputs outputs and total inputs total outputs
W is the share of inputs that industry k purchases from industry j in the total input purchases by industry k (superscript B indicates backward linkages). Conversely,
F kj
W is the share of 10 Note that the distance-weighted measures apply only to industry-level variables. They are not applicable to inter-firm agglomeration variables, because they have no variations within a location choice, thus making it impossible to estimate them. 11 As mentioned in Debaere et al. (2010), we assume that a linkage with the local economy is reflected in the Chinese I-O table, though the count of plants in provinces may also include non-Chinese manufacturing plants.
outputs produced by industry k that are purchased by industry j from the total outputs produced by industry k (superscript F indicates forward linkages). Based on these two sets of industry weights, the following industry backward (BL) and forward agglomeration (FL) 
Empirical implementation and data
We are primarily interested in identifying how regional variations of agglomeration influence an MNE's choice to locate its first affiliates within China. We focus on the location decisions of first-time investors, because various locational attributes are perceived to be fixed at the time of investment. First, we implement the conditional logit model, which has been widely used since Head et al. (1995) , for the problem of MNE location choice. The basic assumption of the model is that a firm (MNE) will choose to locate in the most profitable location, taking into account any positive externalities it can expect to receive (e.g. Japanese auto part suppliers are likely to locate near auto assembly plants) and other regional-specific attributes, such as the size of local demand and labour costs. 12 characteristics to be correlated with the regional characteristics (Train, 2009 ). 13 Second, we 12 More formally, when the production function of a firm is assumed to follow the Cobb-Douglas form, agglomeration externalities coupled with production inputs will affect the plant's output and profitability in a multiplicative way. In this case, the expected profitability in location can be expressed as a log-linear function of variables of the agglomeration effects and other locational attributes (Head et al., 1995) . 13 In the usual language of the mixed logit model, unobserved characteristics refer to heterogeneous taste parameters. As explained by Train (2009) 
The most important coefficients are α1 and α2, which indicate the degree of agglomeration effects by inter-firm backward and forward linkages, while we control for other industrylevel agglomeration effects.
Data description
formally considered as equivalent. However, it appears to us that the treatment of the mixed logit model in Basile et al. (2008) provokes an interpretation of 'error components', and that in Defever (2006 Defever ( , 2012 , of the 'random coefficient'. 14 In other words, this is a test of whether the ratio of probabilities of any two chosen alternatives is independent of all other alternatives. 15 Another practical reason for doing this is that industry-level agglomeration variables show high correlations among themselves.
The main data is created by merging inter-firm linkages extracted from the TSR data with Japanese FDI data from Overseas Japanese Companies Data published by Toyo Keizai (TKZ). 16 We refer to the main data as the TSR-TKZ dataset. First, the sample of Japanese firms is confined to all Japanese manufacturing firms listed on the stock exchange in the TSR data (4,719 firms). Second, after extracting all inter-firm linkages by the procedure described Table 3 reports the results by the conditional logit model and the mixed logit model in columns (1)-(3) and columns (4)-(6), respectively. Appendix Table A1 presents summary statistics of the key variables used in regressions and a correlation matrix shown in Table A2 . affiliates as well as the general agglomeration of Japanese firms. We also note that, compared to backward linkages, inter-firm forward linkages show much stronger agglomeration effects in terms of magnitude (this seems to be the case for all remaining regressions). From the estimated coefficients, we can easily interpret the average probability elasticity in the conditional logit model (Head et al., 1995) . 20 The results in column (1) indicate that a 10%
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increase of the number of first-tier JMNE suppliers would lead to a 2% increase in the probability of a location being chosen by subsequent Japanese investors, whereas the agglomeration effect of first-tier customers is around 3.6%. Intuitively, this may mean that location choices by Japanese investors are relatively more influenced by the existence of relevant customers for their outputs in a location. This finding is indeed a generalisation of a study by Smith and Florida (1994) , which showed that the location of large Japanese automobile assembly plants (customers) in U.S. states prominently drew subsequent investors of auto part suppliers to the same states. Our results further show that the desire to serve customers is relatively stronger than the desire to co-locate closer to suppliers.
More interestingly, the estimated coefficient of agglomeration by third-tier suppliers shows a negative sign with 1% statistical significance in Table 3 . This suggests that agglomeration of inter-firm linked suppliers beyond the first tier can actually reduce the probability of a location to be chosen by subsequent Japanese investors. We offer the following interpretation: As the density of economic activities of JMNEs in a location increases, the congested location increasingly becomes an unattractive place to invest. This is because the demands for factors of production (e.g., specialised and technical workers or intermediate inputs) increase resulting in increased production costs at this location and eventually lower profits. Hence, rising factor prices in a congested location become a countervailing factor, reducing the agglomeration benefits discouraging co-locations of subsequent investments. This makes sense especially if the location choosers are predominantly suppliers themselves. Perhaps, prior to 1995 major assembly manufacturers are already located in the Chinese provinces, making the subsequent investors are the following suppliers. This 'centrifugal' force (or the congestion costs) is an interesting aspect of inter-firm agglomerations, since the literature as a whole is only confined to find the positive agglomeration externalities. 21 However, at the same time the third-tier supplier effects may be picking up some sort of the strategic intentions while our framework abstracts from such strategic interactions. Because of the way inter-firm agglomeration variables constructed, the third tier might include suppliers who are direct competitors (but indirectly related) to the choosers. In order to discount unrelated suppliers as many as possible, we will implement the alternative measure of inter-firm agglomerations using input-output table below.
Column (2) introduces a set of region-specific variables, instead of region fixed effects. The first notable change is that a coefficient for within-industry agglomeration of
Chinese plants turns to a positive sign with a 5% statistical significance, whereas it was not statistically different from zero in column (1). Regional-specific variables (market potential and manufacturing wages) show marginal impact on the probability of location decisions.
This could be a result of agglomeration variables capturing various localisation economics.
In column (3), we add an industry linkage dimension of agglomeration to the model in Table 4 , we exclude three municipalities (Beijing, Tianjin, and Shanghai) from column (1), three Northeast provinces (Jilin, Liaoning, and Heilongjiang) from column (2), and Jiangsu (a province with the largest share of regional distributions of JMNE affiliates in Table 2 ) from column (3). Alternatively, we retain the full choice sets, but we exclude the automobile and electronics industries in columns (4) and (5). The location decisions of JMNEs in these two industries are eliminated, because they are usually characterised with an 22 Although not indicated in Table 3 , it is important to note that when we run experimental regressions with a variable of inter-industry linkages using only the Chinese I-O table, the linkage variables with Chinese industries are found to be positive and statistically different from zero. As soon as Japanese I-O information is included, these linkage variables become insignificant. 23 Note that Table 3 does not report the estimated standard errors.
extensive coverage of vertical production processes. Again, the overall results generally remain unchanged, which is an encouraging sign from the viewpoint of the IIA assumption.
Even in the limited choice sets, with the exception of column (3), we continue to observe strong agglomeration effects by first-tier suppliers and customers of JMNEs. Further supplier agglomeration in the third tier seems to reduce the probability of a location being chosen, as seen in Table 3 . However, the first-tier supplier effect, in columns (3) Table 3 here Table 4 here Alternative measure of inter-firm agglomerations 24 We implement the alternative measure of inter-firm agglomeration by combining information from the Input-Output table with the actual number of suppliers and customers identified at firm-level. More specifically, firm-level agglomeration variables at each layer (e.g., going from first to second, second to third tier) are weighted by cross-industry flows of the commodity in Eq. (3) both backward and forward linkages. For an illustration, Figure 2 shows the weighted measure of forward linkages (FFL) in the case of a two-tier transaction, which has been simplified from The results are presented in Table 5 . The main message is still unchanged with the positive externalities in the first-tier suppliers and customers for the location choices, even if input-output information included. The point estimate in column (1) of Table 5 suggests that a 10% increase of the number of suppliers moderated input-output information would lead to about 2.5% increase in the probability of the same location to be chosen by the subsequent investors. Similarly, the agglomeration effects by the first-tier customers (forward linkages) exert the larger effects. However, beyond the first tier the positive agglomeration effects disappear with no statistical significance found. As before, the negative agglomeration externalities of the third-tier suppliers can be observed with the similar magnitude of the estimated coefficient with a 1% of statistical significance. Hence, the alternative measure also confirms the congested effects detected in third-tier supplier effects. Both the conditional logit and the mixed logit estimates revealed strong agglomeration effects exerted by first-tier suppliers and customers. The latter effect leads to a higher probability of a particular location being selected by subsequent investors in China.
This is consistent with the view that JMNEs like to replicate similar production chains that exist in Japan in a host country. At the same time, it was found that such agglomeration effects were short-lived and did not have any pervasive effects further down or up a vertical production chain. In fact, we found that agglomeration effects by third-tier suppliers actually lowered the probability that a location is selected by subsequent investors. We interpreted this as the increasing number of related suppliers making a location unattractive due to the rise in competition and increasing costs of factors of production and labour wages. All in all, our measures of inter-firm agglomeration allow for a more detailed and nuanced interpretation of agglomeration effects attributable to MNEs. These main results, nevertheless, need to be interpreted with a caution. The current form of inter-firm agglomeration, even with an adjustment made using the Input-Output All variables are in log form. Standard errors appear in parentheses. Statistical significance (two-tailed test): ***, **, and * imply statistical significance at the 1%, 5%, and 10% level, respectively. 
